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Experimental Measurements with inclusive b-quark Tagged Jets
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Introduction: history

| 2 — Introduction: history '

= CDFRun | Bt — Jip KT (2001)
comparison with a theory as of 2001:

2.9+ 0.2(stat ® systpr) £
0.4(syst ¢c) times higher than NLO QCD

—> CDF & DO inclusive measurements as
of 1995. The exper. points begin onlyat
pr > 6.0GeV/ec.

pp—> bX, vs=1.8TeV, IyI<1

T T T T T T T
| — Fit to points
Data/Theory = 2.9 + 0.2 + 0.4
W\ Fully Correlated Systematic Error

o
o

-4

Data/Theory

m Dimuons
1+ Muons+Jets
e Inclusive Muons

— NLO QCD, MRSR2
Theoretical Uncertainty }

1 Y E— I
6 7 8 910

M.Cacciari,hep-ph/0407187

40 50 60 70
pi™ (Gev/c)

20 30

T
AR

NLO QCD: MRST, 4.5 < m, < 5.0 GeV/c?,
tho/2 < 11 < 210, 0.004 < g, < 0.008]

0.352 < f, < 0.398
(CTEQ5—MRST)/MRST

Page 3

PANIC 2005, 24-28 Oct 2004, Santa Fe, NM

I. Gorelov, Heavy Flavour Production in CDF Il Detector



Introduction: history

The “excess”of experiment over theory

was apparently established...

= DO Run Il inclusive b- jet cross-section Is it normalization or shape problems
measurements. b- jet are tagged by s.-I. both in theory and data?
b- decays. Total cross-section experimental
T T 17T T T T T T 17T T T T T T T 1] data WOUId be a gOOd teSt for theory'
N \ \ \ \ \ \ \
> X pp% bX, vs=1.8TeV, In™<1.0 |
8 10 & e D@ Data . s it a problem of underestimated
} (Errors have correlations) non-perturbative information hidden in
-
-~ "E 3 convolutions on the way to the
3 I ] )
LT | ] observables”
O F > E . . .
~N - : Non-perturbative contributions
© _F _—_ NLOQCD, MRSA _
Ot Theoretical Uncertainty - eventually are fitted from exp. data:
20‘ - ‘3‘0‘ - ‘4‘0‘ - ‘5‘0‘ - ‘6‘0‘ - ‘7‘0‘ - ‘8‘0‘ - ‘9‘0‘ - ‘100 PDF and FF.

ETbJet (G e\/)

PO Collab., Phys. Rev. Lett 85, 5068(2000) The charm sector was not yet probed in

Run | — again a good candidate for

further tests.
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Theoretical Approach to Heavy Quark Production

3 — Theoretical Approach to Heavy Quark Production

— Production in Hadron

—> Collisions at Tevatron: Lowest Order Tree Diagramms.

Leading Order (LO) Diagrams. q 9 9 Q 9 Q
NLO: Flavor Excitation
g g
NLO: Gluon Splitting.
q Q 9 Q ¢ Q

mq > AqQcbp, where

Aqcp ~ 400 MeV, Flavour Excitation. Gluon Splitting.
typical scale of strong interactions. ; Q

mqg ~ 1.5GeV, Q = c. Q

mqg ~ 4.8GeV, Q = b.

... implies computing of x-section 9

dc(99,99,99 — Q + X)
free of singularities.
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Theoretical Approach to Heavy Quark Production

—> Factorization: separation of perturbative, do and

—> non-perturbative, F (or PDF) and D (or FF) contributions

do(pp—~Hq +X) _ rp,p—q,g o d6(g8.89,99—Q+X) Q— Hgq
¥ dprHg 7 ® dpr(Q) ®D

pPr(Q)
mQ

Large logarithms in NLO, O(as®) terms of d&, as - log(Q?), where Q =
and pT(Q) > mq = re-summation at Next-to-Leading-Log (NLL) level,
considered as a perturbative part of D (data/theory moves ~ +20%)

The NLL formalism results to a changed functional form of Fragmentation Function
(again ~ +20%)

The NLL formalism is used to extract the Non-Perturbative part of Fragmentation
Function from e e~ data (ALEPH Collab., 2001) (another ~ +20%)

The fixed order (FO) calculations of d& are merged with NLL = FONLL technique.

The cross-section is quite dependent from input of phenomenological (and essentially

non-perturbative) structure functions or PDF, F: e.g. o' “© (Jy| < 1) is up by

~ 10% from CTEQ5M to CTEQ6M
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Theoretical Approach to Heavy Quark Production

b-Production at Tevatron Revisited  MCacciariPNason, hep-phi0204025

L
pp - BY+X, Vs=1.8 TeV, |y|l<1 ]
CDF Run I B+ _> J/w K+ (2001) - 103 | dashed: #R=#F=M0=\/(m§+p$) —
) > solid: wg/2 < pp.Mr < 2uUq E
over Theory Ratio 4
.g = CTEQ5M1
uTh . I . ;:‘ 102 £ O m, = 4.75 GeV =
e eXperlmenta pOIntS are & " dotted: Peterson, “x f(b-B)=0.375
S~ r _
compatible with predictions obtained 3 € = 0006
101 E 0. CDF data
using the present value of the QCD © Theory: FONLL with N=2 fit
scale parameter and of the structure 00 Ll
5 10 15 20 25
functions, and a b pole mass of pr (GeV)
_ S e L A
4.75 GeV, and lie near the upper ; solid: g/2 < pmpie < 24
2.5 — —
region of the theoretical band obtained ]
o L data average ]
b . . . & 20 — ]
y varying the factorization and S - l T / T ]
. . el c 7
renormalization scales.”, g 15 W\-
o} - i
M.Cacciari,P.Nason, hep-ph/0204025 & 10— - - -——— - ————— - — - — —
Data/Theory ratio has changed from 0.5 ://’//-#‘-j
2.9+ 0.2(stat @ sys) + 0.4(sys) gobole vl ot
5 10 15 20 25
to 1.7 £ 0.5(exp) £ 0.5(theory) pr (GeV)
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Direct Charm Production in CDF I

|4 — Direct Charm Production in CDF I '

—> Trigger on Hadron Modes
— of Heavy B-, D- Mesons, Baryons

Level 1 eXtremely Fast Tracker (XFT)
Trigger: high pr
Level 2 Silicon Vertex Trigger (SVT):

large track do

impact parameter resolution by SVX Il

detector
0(do) = Obeam ® osvx = 48um
At a Level 3: a full event reconstruction.

Improves Run | sensitivity by 4-5 orders

of magnitude.

Data sample is dominated by charm.

s

B~ D1

P22 GeVic; Xy <
= 18000 ;od =47 pm

| |

200 400

‘ ‘600
SVT d,, (um)
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Direct Charm Production in CDF I

Analyze shape of an impact parameter CDF Collab., Phys. Rev. Lett. 91, 241804(2003)
of reconstructed J-mesons =~ 35 DK
10
Separate the directly produced charm g
fraction (solid line) from b-decay %102:_ W,
products (dotted line) =- %10 n i ‘
Parameterize both contributions and fit. 1 E | ‘ o l K

-400 -200 0 200 400
Impact Parameter  [um]

Fit finds the prompt fraction => corr. for €

o(D®, pr > 5.5GeV/c, [y| < 1) o e e e

=13.3+0.2+1.5ub 28 |- % » F b
o(D¥,pr > 6.0GeV/c,|y| <1) M + \Mﬂ\i\ E

I e + - - == === =

=4.3+01+0.7ub Sl — & _— 4
U(D*+7PT26-OGGV/C7|Y|S1)%°'°;”’I’”’I””I"”I"";E”"fl,""1|o""1[5""2|o"":5

—5.2+0.1+0.8ub "3 E
The agreement of CDF Il data with n3 M i

FONLL calculations for charm sectoris  10fp - - - —-—-—— —— =

moderate, with data lying at the upper ~ °° 3 — E

0'0_IIII|IIII|IIII|IIII|IIII_

bound of theor.syst. = Pr
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Inclusive b- Hadron Production in CDF I

|5 — Inclusive b- Hadron Production in CDF Il '

= Measure pp — J/Y X
= Extractb — J/1) X

JM direction

Level 1 eXtremely Fast Tracker (XFT)

: : b-hadron direction
Trigger: tracks are reconstructed in the L
COT and matched to hits in the Muon

Chambers.

Level 2: transparent i vete | 299800800Events
L Luminosity = 39.7 pb™*
Level 3: full reconstruction with cut w0000 | i
M(ptp™) € [2.7,4.0] GeV/c? s |
=

Lower pr () reach = - ]
pr(JfY) ~0GeV/e i
Distinguish B — J/1 X from prompt
J/1 applying fit to a flight path oL

N . .80 2.90 3.00 3.10 3é20 3.30 3.40
Lwy =L pT/ |pT|(J/ ¢) CDF Collab., Phys. ye(\%)geo\s{égouzoos)
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Inclusive b- Hadron Production in CDF I

Likelihood fit of pseudo-proper time

ct = L,

v - (M /pr) in bins of pr =
Prompt J/1) (including ¥(25)).

Parameterized background.

Events/50um

fit finds b — J/1) fraction,
g (1414 0.5+0.6)% =

o(pp — Hp X, Hp, — J X,

Jp — pu”,
pr > 1.25GeV/c, [y(J/p)| < 0.6)
=19.44+0.3"2{nb

Very good agreement with FONLL
(M.Cacciari,hep-ph/0312132):

o(Jp, FONLL) = 18.37%2 nb
Updated PDF CTEQ6M and b- FF

brought QCD calculations into better =

do/dp(I/P)*Br(I/Y - pp) nb/(GeVic)

agreement with our measurements of

afot and pr distribution.

104

=
o
w

=
o
N
L

10'E

107 E

107

10-3 T R R

Total Fit

¢ JEECIELED Total J/p Contribution
w b~ I/ X Contribution 3
------- Background

-2000 -1000 0 1000 2000 3000

Ly () (IpyM(Ip) pm

T e e e AL e m
F ARy x Data with total uncertainties 7

--- Theoretical uncertainty

—— FONLL theoretical prediction 7

0 5 10

20

pT(J/qJ) GeV/c

CDF Caollab., Phys. Rev. D 71, 032001(2005)
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Inclusive b- Jet Cross-Section Measurement in CDF ||

| 6 — Inclusive b- Jet Cross-Section Measurement in CDF Il '

= Study pp — Jet + X

Jets are good observables as the energy of most of fragmentation products is
collected inside their cones. The measurements are less sensitive to heavy quark
fragmentation. The predictions of NLO models are expected to be less sensitive as

collinear gluons causing large log-s are counted in jet cones.

Jet triggers are very inclusive and non-biased to track reconstructed objects like
secondary vertexes.

Jet study extends a p7 reach beyond [1.25,25] GeV/ c range accessible with
exclusive decay modes.

Use a MidPoint cone algorithm to reconstruct jets
Total luminosity used in the analysis: £ ~ 300pb~1
MidPoint jets with cone Rcone = 0.7, central jets with |Yje:| < 0.7.
MidPoint adds an extra seed in a center of each pair of seeds.

pr-range is [30, 360] GeV/ ¢ (before jet energy scale correction).
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Inclusive b- Jet Cross-Section Measurement in CDF ||

Jet (or calorimetric) specific issues
Hadron Energy Scale of jets.
Correction for an ambient energy flow from Underlying Events

Unfolding of E7 experimental spectra to a hadron particle level jets.
— Tag Jet with Secondary VX.
Exploit a tracking information: match tracks with jet cones.

The tracks are required to have displaced impact parameter in x — y transversal
plane:
304y < do <0.3cm

Fit the tracks to a common secondary vertex, secV X

B- hadrons have a ¢t ~ 450 pym.

Require a significance Lwy/any > 3.0.

The jet is “positively” tagged.
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Inclusive b- Jet Cross-Section Measurement in CDF ||

= b- Tagging Efficiency €pTag- = b- Fraction f3 in Tagged Jets.
> 0.6 - 0.7
é E |:| Systematic for Scale factor % E —®— Data(stat erron)
£ 05— ) . £ O'Gj D Total syst. error
; C .Mw% —e— b-tagging efficiency ﬁ -
% 0.4:7 ’§++ ‘-0-',6_ g 0.5} Pythia Tune A (CTEQSL) for mass templates
= F e =:
~ —— s 0.4—
0.3— i - % %%
- —— o3 ¢ @ﬂ,
0.2— C +
- dijet PythlaTuneAscalg!o)nlwfltc”delltjare“mlnary 0.2 + +++
0.1— MidPoint jets Reone=0.7, f00o=0.75 C
- jets with []<0.7 0.1
0:"|HH\HH\HH\HH\HH\HHMH‘ o CDF Runll Preliminary
50 100 150 200 250 300 350 o v v L L e L
Pt jet [GeV/c] 50 100 150 200 250 300 350
P; jet [GeVic]
The tagged jet is likely to contain a
. . MC .
Use MC simulation to calculate €7 decay vertex of b-, c- or light quarks
over [38,360] GeV/c (e.g. s- quark).
easure €, 7,4 USING a 0- enriche Again f3 has to be extracted.

inclusive electron E. > 8 GeV/c data
sample covering only [15, 60] GeV/c.

Fit M secv x distribution to MC

templates of b- and non b- components

Then 6%29 Is corrected by of positively tagged jets.

_ _Data —
SF = EbTag/EbTag 0.909=+0.06 Fit finds an f for tagged jets.

Proceed for every pr- bin.
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Inclusive b- Jet Cross-Section Measurement in CDF 1l

Preliminary CDF Il Results

on (central) b- jet cross

L ‘,?'& CDF Runll Preliminary —e— pata

I:l Systematic errors

—=— NLO prediction CTEQ6M

section measurement.

corrected at hadron level

Compare experiment with

He=e=\P3+m? / 2

do/dYdP, (nb/[GeV/c])

3
10

----- NLO uncertainties

NLO predictions by

(scale included p, / 4 < pL<p,)

MidPoint jets, Reone=0.7, fore

M. Mangano & S. Frixione. 10°

\s = 1.96 TeV.J’L ~ 300 pb*

The NLO predictions are JE M
10 50 100 150 200 250 300 350P ) t4[OGO vic]
made at the hadron level. e
CDF Runll Preliminary
The theoretical syst. 5 55 e cuaop o o s f 075
L a5 5=1.96 TeV,| L ~300p
. -5 g corrected at hadron level IY|<0.7
includes PDF (CTEQ6M) R
. . z :— Systematic errors
and jet clustering R T
g 3 :_ ----- NLO uncertainties
uncertainties of ~ 10%. psf el s —
The data points are 2F- .
_ LsF- +++H]b S SO
overshooting theory, but... JE +++++u“+ - H“
Agreement within NLO 0.5 bttt T

P; jet [GeV/c]

uncertainties.
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Inclusive b- Jet Cross-Section Measurement in CDF ||

Compare presented
preliminary CDF Il results
with Run | DO
measurements of b- jet

production.

Plot CDF Run Il points
below 100 GeV/c. The NLO

predictions are made at
IR = [F = [0, fo/2
CDF Il results show a very
similar pattern w.r.t.

theoretical predictions as

Run | DO measurements.

CDF Runll Preliminary

b/(GeVic)]

=
o

-

d?c/dYdp [n

—e— Data (stat [J syst errors)

MidPoint jets, R;,e=0.7, fnerge=0.75
\s=1.96 Tev

[Y|<0.7

NLO prediction (CTEQ6M), 1 = |,
......... Theory Uncertainty (upper band pu=y, / 2)

o v b b b b b Ly

o

—_

o/dE™ (nb/GeV)

© |
N

30 40 50 60 70 80 90 100
P, bjet [GeV/c]

pp% bX, vs=1.8TeV, In™<1 0
e DJ Data

(Errors have correlations)

NLO QCD, MRSA/
............ Theoretical Uncertainty T

20 30 40 50 60 70 80 90 100

ETbJe‘t ( G e\/)
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Conclusions

| 7 — Conclusions '

A vigorous efforts on a theoretical understanding and experimental

measurements of Heavy Quark Production spectra have been

demonstrated by parties of both experimentalists and theorists.

The measurements and calculations revealed a wonderful trend of a

convergence of their central values.

CDF Il Collaboration has published first measurements of direct charm
production cross-section spectra of D- mesons reconstructed in hadron
modes. These results motivated further developments of QCD

approaches applied before only to a bottom species.

CDF Il has advanced the b- production measurements both to a low pt
and high pt ends of a b- spectrum.

b- production in b — J/1) + X mode has been published up to pt
as low as 1.25 GeV/c and as high as 20 GeV/c
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Conclusions

o CDF Il has presented a preliminary results on central production of b-

tagged jets in a wide range extended from 38 GeV/c to 360 GeV/c.

o CDF Il measurements are in agreement with theoretical QCD NLO

calculations within experimental and theoretical uncertainties.

THEEND OF THE TALK.
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